Stock returns series generally exhibit time-varying volatility. Therefore, one can cast doubt on the way abnormal returns are calculated and consequently interpreted in traditional event studies. In this paper we apply a market model which accounts for GARCH effects leading to more efficient estimators. Using a sample of divestitures, we empirically investigate how this adjustment affects the magnitude of the abnormal returns associated with an event.
I. Introduction
Empirical researchers in financial economics widely use the market model of Sharpe (1963) for examining the impact of an. event on the shareholders wealth or testing market efficiency. In this model the returns of an asset, R it , are related to the returns of a market portfolio, R mt , through a slope coefficient, β i , which is the asset's market risk:
(1) The parameters of the market model are mostly estimated using a Ordinary-Least Squares (OLS) regression. These parameters are then used to calculate abnormal returns associated with the event examined. Certain assumptions have, however, to be satisfied to have efficient parameter estimates and consistent test statistics based on them. One of these assumptions is that die coefficients of the market model are constant over time. This has been questioned by Iqbal and Dheeriya (1991) who employed a random coefficient regression model allowing betas to vary over time. They argued that the differences in abnormal returns obtained using the market model and their model can be attributed to the randomness in the beta coefficients. Another assumption is homoscedasticity of the OLS residuals, i.e., their distribution has a constant variance. Giaccoto and Ali (1982) have shown that if this is not the case, the standard tests to measure the effect of a specific event on security prices have to be adjusted to take into account the presence of heteroskedasticity. More recently, number of studies, for example see, Akgiray (1989) for the US market and Corhay and Tourani Rad (1994) for European markets, put in evidence the presence of time dependence in stock return series which, if it is not taken into account, will lead to inefficient parameter estimates and inconsistent test statistics. These studies show that the empirical characteristics of return series can be described by Generalized Autoregressive Conditional Heteroskedastic (GARCH) models, developed by Bollerslev (1986 Bollerslev ( , 1987 , which allow for non-linear intertemporal dependence in the residual series. Bera, Bub-nys and Park (1988) showed market model estimates under ARCH processes are more efficient and Diebold, Im and Lee (1988) observed that residuals obtained using the standard market model exhibit strong ARCH properties. In this paper we examine the impact of correcting the market model for GARCH in an event study using a sample of divestitures. We investigate how accounting for GARCH in the market model results in different parameter coefficients, which in turn can lead to a different interpretation of the economic significance of the divestiture. Corporate divestitures could be motivated by a number of factors, each of which could generate economic gains. First, firms may want to get rid of unprofitable subsidiaries to avoid negative synergy. Second, firms may plan to narrow their activities and concentrate on their core businesses in order to augment managerial productivity and to reduce diseconomies of decision management and management control involved in highly diversified firms. Third, firms may want to shift assets to owners that can utilize them in a more productive way and firms can obtain higher price than the market price of divested units. Finally, firms may seek to generate cash needed for other parts of the firm as well as to reduce high levels of debt. Several studies have examined the valuation effects of voluntary sell-offs. Most of them have documented the presence of significative positive excess returns around the announcement date accruing to the shareholders of selling firms, providing evidence that sell-offs create economic value, (Rosenfeld, 1984; Heart and Zaima, 1984, 1986; Jain, 1985; Lin and Rozeff, 1986; Denning and Shatri, 1990 ; for the U.S. data and Afshar, Taffler and Sudersanam, 1992 for the UK data). In the remainder of the paper the sample is examined. The following section discusses the research methodology. The empirical findings are then reported and analysed. The final section contains our conclusions.
II. Data
The sample of divestitures is collected from Het Financieele Dagblad (HFD) quarterly-index. It is composed of those divestitures undertaken by quoted Dutch firms between January 1989 and December 1993. The day of the first published announcement is taken in HFD as a proxy for the event date. The firms must have their daily share prices available for a period of 140 before and 20 days after the event date. Multiple divestments are separated by 41 days to avoid overlapping observation periods. To be included in the sample, there has to be no major event related to the selling firm, for example, making a bid for a third firm or being a target, during the observation period. The final sample contains 133 announcements. The daily prices and dividend payments of these firms were collected from the Datastream International (a U.K. based data service company). Returns are calculated as the difference in natural logarithm of the prices for two consecutive trading days, R t = ln(P t + D t ) -ln(P t-1 ). The CBS General Index, the most appropriate index available on the Amsterdam Stock Exchange, is used as a proxy of the market index.
III. Methodology
In an event study abnormal returns on day t(A it ) are calculated for a reference period surrounding the event date of firm i. These are obtained as the difference between the observed returns and those predicted by the market model;
(2) where and , are the firm's estimated parameters of a market model over an estimation period preceding the reference period. The impact of an event on the shareholder's wealth is measured by the magnitude of the average abnormal return (AR t ) for day t and the cumulative abnormal return (CAR S ):
where 1V is the number of firms in the sample and s is a time period. The market model used here is the standard one, denoted by MM, and the one adjusted for GARCH, henceforth denoted by MMG. In the former the residuals are assumed to have a mean of zero and a constant variance, while in the latter, residuals can be conditionally heteroskedastic. More specifically, the market model corrected for GARCH is the following:
(3) where ψ it is the information set of all information through time t on firm i, h it is the conditional variance of firm i, and D is a student-l distribution with d degrees of freedom, and with p > 0; a ik ≥ 0, i = 0, ..., p; q > 0; b ij ≥ 0,j = 0, ..., q. Even though GARCH models with conditional normal distribution allow unconditional error distribution to be leptokurtic, they might not fully explain the high level of kurtosis observed in the distributions of the returns series. Several leptokurtic conditional distribution have been applied in the literature, see Baillie and Bollerslev (1989) and Hsieh (1989) ; it is generally accepted that the tdistribution performs better.
In conditional heteroskedastic models, the stability condition of the variance process requires that the sum of the estimated parameters, i.e. ∑ k=1 p α ik + ∑ j=1 q β ij wich measures the persistence of the volatility of firm i, to be less than one. If this sum is equal to one, the process becomes an integrated GARCH or IGARCH process (Engle and Bollerslev, 1986) . Such integrated processes imply the persistence of a forecast of the conditional variance over all future horizons and also an infinite variance of the unconditional distribution of ε t . The GARCH model is estimated using a FORTRAN program which employs the non-linear optimization technique of Berndt et al. (1974) to compute maximum likelihood estimates. Given the return series and initial values of ε l and h l , for l = 0, ..., r and with r = max(p, q), the log-likelihood function we have to maximise for a GARCH(p, q) model with t-distributed conditional errors is the following:
(5) where T is the number of observations, T() denotes the gamma function and υ is the degrees of freedom. We only apply a GARCH(1, 1) process as it has often been proved that it fits better stock returns than do GARCH (p, q) models with p + q ≥ 3 .
IV. Empirical results
The estimates of α and β for each firm in our sample are calculated using the market model and its GARCH corrected version for an estimation period of 120 days preceding the event period. The latter period is 41 days, covering 20 days before and after the event day. In order to avoid nonsynchronous trading effects and obtain unbiased and consistent parameters when using daily returns, the Scholes and Williams (1977) model has been used to estimate α and β. These estimates of α and β are, in turn, used to determine the abnormal returns for each firm during the reference period. These were then averaged and cumulated to find the cumulative abnormal returns. The AR t and CAR S are reported in Table 1 for both methods, as well as the difference between their AR t . Those AR t that are statistically significant using the standard t-test are underlined. The differences between ARs of the MM and the MMG models, which are reported in column 6 of Table 1 , are always positive. Furthermore it can be observed that in the case of the MMG no statistically significant AR accrues to the shareholders around the event day. In the case of the MM, there are statistically significant positive abnormal returns of 0.43%, and 0.50%, with t-values of 1.8943 and 2.1752, on the event day and the day before. This is usually interpreted as the likelihood of information leakage around the time of divestiture one day before the official announcement to the market. The respective CARs based on MM and MMG models are presented in Figure 1 . It can be observed that the CARs of both models have more or less the same pattern. However, since all abnormal returns obtained from the MM are higher than those from the MMG, the CARs for the MMG model are constantly below the MM ones and the difference between the two curves increases. The CARs for the MM model continuously increase while those for the MMG model roughly remain at the same level. A look at the CARs and their respective t-sta-tistics in Table 2 for various periods around the event day also reveals that the two models particularly give a different interpretation for the period (-1, +1). When accounting for GARCH, the CAR for this period is not statistically significant. The differences observed in the CARs of the two models are due to the magnitude of the α and the β estimates. A look at the histograms of these two parameters, which are reported in Figure 2 , for the two models reveals that their distributions are slightly different. A GARCH process is unconditionally homoskedastic. The presence of GARCH does not violate the assumptions of the second order properties of the least square estimator. However, the differences in abnormal returns we obtain are due to the fact the parameters estimates of α and β obtained using the market model are inefficient since they are not adjusted for GARCH effects. When the market model residuals are tested for the presence of ARCH using the Lagrange Multiplier approach of Engle (1982) , a strong evidence of ARCH properties was revealed. The MMG resolves this problem, and the estimators are more efficient. Furthermore the appropriateness of the MMG model is confirmed as all firms have, indeed statistically significant GARCH parameters estimates of α and β coefficients and their sum is also less than the unity. 
Figure 1. Comparison of the CARs based on Market Model and Market Model Corrected for GARCH

V. CONCLUSION
The purpose of this paper is to estimate market model parameters adjusted for GARCH effects. Even though there is no intrinsic interest in estimating the conditional variance, the market model should be estimated by maximum likelihood in order to obtain a more efficient estimator of the regression parameters. The lack of efficiency of the least square estimator may result in such a poor estimate that the wrong conclusion may be drawn from an empirical study. Using a sample of divestitures, we empirically investigate how the adjustment for GARCH affects the abnormal returns associated with the event and can lead to a different interpretation of their economic significance.
